The available data allow a description of the decadal oscillation for at most four periods. It is well correlated with the 11-year solar cycle. In the lower stratosphere the correlation pattern is the same through the year: Positive correlations in middle and low latitudes with the larger values over the oceanic, western half of the hemisphere. In winter this pattern is weak. When the winter data are divided according to the phase of the Quasi-Biennial Oscillation in the equatorial stratosphere, the correlation pattern in the east years is similar to that found during the rest of the year. It is, however, of the opposite sign in the west years, which is due to the tendency for major midwinter warmings of the polar vortex in west years to occur at maxima in the 11-year solar cycle.
Introduction
Since the discovery (LABITZKE, 1987) of a substantial correlation between the 11-year solar cycle and an oscillation on the same time scale in the stratosphere of the Northern Hemisphere, we have written three reviews of our work (LABITZKE and VAN LOON,1989a ,1990a . The present paper summarizes a lecture given at the Symposium on Solar-Terrestrial Physics at The Hague, 1990, but leaves out those parts which are included in the three reviews.
The decadal oscillation in the stratosphere is illustrated in Fig. 1 . by time series of 100-mb height at stations in a meridional section where the oscillation is marked through much of the year. The available observations limit the analysis in the low stratosphere to the four recent decades, and in the middle stratosphere to two-three decades. The heavy lines in Fig. 1 are three-year running means which filter out most of the higher-frequency variation to let the oscillation stand out. At the top of the figure is a time series of the 10.7 cm solar flux; it is not meant to imply causality but to show solar variability. The 10.7cm flux is highly correlated with the sunspot number (11-year solar cycle). It is clear that the five time series of 100-mb height in the figure are statistically well associated with the solar flux, and we shall therefore describe the oscillation mainly in terms of correlations with the 11-year solar cycle. Extensive Monte Carlo tests of these correlations have been made in various papers; references to most of them can be found in VAN LOON and *The National Center for Atmospheric Research is sponsored by the National Science Foundation . **Affiliate Scientist, NCAR. VAN LOON and LABITZKE (1990) . . The decadal oscillation is unquestionably in the data, but so far nobody has been able to explain its presence nor its good correlation with the 11-year solar cycle.
Annual Values
The best correlations between the annual means of 30-mb height and the 10.7cm solar flux (Fig. 2) are along 30•‹N over the Pacific Ocean, North America, and the Atlantic Ocean. As this zonally asymmetrical correlation pattern appears through the year, with one exception which will be dealt with later, we call it the Basic Pattern of correlation with the 11-year solar cycle ( VAN LOON and LABITZKE,1990 ). There is little or no correlation at high latitudes, especially not over Eurasia. If the Basic Pattern is physically related to the 11-year solar cycle, it would mean that the cycle explains 30-mb height, 1958-1987 . From VAN LOON and LABITZKE (1990) .
25%-50% of the interannual variance of the annual mean 30-mb height in large parts of the tropical and temperate regions of the Northern Hemisphere.
As the largest correlations are at lower latitudes, the decadal oscillation in these latitudes determines the mean variability for the hemisphere, when weighted by area. This is evident in the time series of annual mean 30-mb height and temperature between 10•‹N and the North Pole (Fig. 3) : There is an appreciable low frequency oscillation in both heights and temperatures in Fig. 3 which tends to run parallel to the curve of solar flux; but, as noted by LABITZKE and VAN LooN (1989b) , QVIROZ (1979) , the temperature is less well correlated with the solar flux than is the height. Since the 10-12year oscillation evidently accounts for a large share of the interannual variance of geopotential height and temperature in the lower stratosphere, it may require several periods of the oscillation to determine if long term trends exist. If, for instance, a series begins at a peak in the oscillation and ends in a valley, a linear trend will be negative, and conversely if it begins in a valley and ends at a peak.
Two-Month Values

All year
Correlations between the solar flux and discrete two-month means of 30-mb height are shown in Fig. 4 . The Basic Pattern is visible on all six maps; its variations through the year are outlined by the growth and decline of the area where the correlation is above 0.40. This area is widest in July-August ( Fig. 4(d) ) after which it shrinks to a minimum in January-February ( Fig. 4(a) ).
July-August
The strongest correlation with the solar flux are in July-August-a Monte Carlo field test finds the map in Fig. 4 (d) to be field-significant at better than the 1% level ( VAN LOON and LABITZKE, 1990) . Figure 5 shows how the correlations in July-August are reflected in the anomalies of 30-mb height in two solar maxima and minima: 1976 and VAN LOON and LABITZKE (1990 geopotential-height differences on the right: In the lower troposphere there is little or no difference in height between the extremes in the 11-year cycle, but the difference increases upwards in response to the accumulated temperature difference. The largest temperature difference between the extremes in the 11-year cycle is at the 200-mb level (Fig. 7) , where it is possible to extend the observations back to 1951 and thus get a sample of 39 years (Fig. 8) . There is much high-frequency change at this level, but the three-year running mean shows that the decadal oscillation is present through the whole series, so we may confidently assume its presence for the same length of time at the 100-and 30-mb levels in Fig. 6. 
January-February
The Basic Pattern appears in winter too, but it is then weak (Fig. 4(a) ). In this season one must group the atmospheric data according to the phase of the Quasi-Biennial Oscillation (QBO) in the stratospheric wind on the equator to obtain strong correlations (LABITZKE and ; VAN LOON and LABITZKE, 1988) . In the east phase of the QBO the correlation map shows the Basic Pattern, Fig. 9(a) , as do both east and west years in the other seasons ( VAN LOON and LABITZKE, 1990) . The west years in winter are the only exception to the Pattern. In these years the correlation is positive in the arctic and negative in middle latitudes (LABITZKE and . The large positive correlations in the arctic in the west years ( Fig. 10) are associated with major midwinter warmings. HOLTON and TAN (1980) expected, from consideration of the dynamics, that the north polar stratospheric vortex in winter should be cold and intense when the winds in the lower stratosphere on the equator blow from the west. This, however, does not happen in maxima of the 11-year cycle: In the 19 west years available there were six major midwinter warmings and associated breakdowns in January-February, and they all occurred in solar maxima (Fig. 10) . The high positive correlation in the arctic between the solar flux and the stratospheric temperature in west years is thus primarily a result of the contrast between the 12 winters with low temperature in the solar minima (Fig. 10) and the six years with major midwinter warmings in solar maxima. From VAN LOON and LABITZKE (1990) .
It has been suggested that aliassing, due to grouping of the winter data according to the phase of the QBO, is responsible for the correlation patterns in January-February (TEITELBAUM and BAUER, 1990) . We propose that the problem to be addressed is physical and not statistical: As noted above, the correlations in the east years in winter are not different from those in the other seasons, in which ungrouped data have been used. The polar vortex in west years, however, broke down and warmed in maxima of the solar cycle instead of acting according to theory (and several recent model simulations) by staying cold and intense, which it did in those west years that fell in solar minima. It is likely that the two phases of the QBO represent two different states of the stratosphere in winter, each of which would react differently to the solar cycle-if the latter is indeed the cause of the 10-12year oscillation.
Update of the Winter Statistics
Three winters have elapsed since we began work on the decadal oscillation, and it is of interest to see if they fit the original analysis. In the stratosphere the winters of 1988 and 1989, which were west years, do not fall outside an acceptable envelope in the scatter diagram in Fig. 10 . In the troposphere, however, the 1989 anomalies were wide of the The regression is computed without January-February 1989; the asterisks denote major midwinter warmings in the stratosphere. Standardized 700-mb height anomalies (deviations from the mean given in number of standard deviations) in January- February, 1990. mark. The 700-mb anomalies in this winter have been discussed by BARNSTON and LIVEZEY (1989) . We show as an example the surface air temperature at Charleston in January-February of 1989 in Fig. 11 . The station lies in an area where the correlation with the 11-year solar cycle was between -0.60 and -0.70 before January-February 1989 ( VAN LOON and LABITZKE, 1988) . The winter of 1989 is an outlier in comparison with the 20 other QBO west winters in the diagram; but considering that the 10-12year oscillation is not likely to explain all interannual variance in the atmosphere, one must expect such outliers. In January-February 1990 the QBO was in its east phase, and the anomalies in the stratosphere were close to the mean anomalies of east years (LABITzKE and VAN LOON, 1990c) . Figure 12 shows that this was the case in the troposphere as well.
Conclusion
If the analyses presented in this review do represent an association with the 11-year solar cycle, then the effect of the sun's variation on this time scale is a tendency for higher geopotential heights and temperatures in the lower stratosphere at middle and low North Latitudes during solar maxima than during minima, especially on the western side of the hemisphere. This Basic Pattern of correlation with the 11-year solar cycle appears in all seasons, but it is weak in the coldest months. If, however, one divides the data in these months according to the phase of the QBO, the correlation with the solar flux becomes large and of opposite sign in east and west years. The pattern in the east years is like the Basic Pattern, and the winter pattern in west years is thus the only exception to the correlation with the 11-year cycle through the year. The large positive correlations over the arctic in the west years are associated with major midwinter warmings and breakdowns of the polar vortex which in the west years occurred preferably at solar maxima.
Because the decadal oscillation is marked in the lower stratosphere, at least as high as 30-mb, one needs several decades to establish unambiguously if long term trends exist in regions where the decadal oscillation dominates the interannual variability.
Messrs. A. Barnston and R. Livezey of the Climate Analysis Center have kindly supplied Fig. 12 .
